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Abstract 
 
A research on crop productivity was carried out on Intunjambili wetland system versus 
the dryland system. Volumetric soil moisture content was determined from soil samples 
collected four times a week for nine consecutive weeks from four wetland and four 
dryland farmer’s fields. Twelve farmers from each system participated in answering a 
semi-structured questionnaire administered to them. It was established from the study 
that, wetland soil moisture and maize yield were significantly different from those in the 
dryland system. This was evidenced by p values being < 0.001 at 5 % level of 
significance for the wetland-dryland soil moisture and maize yield comparison. These 
findings reveal that, there is need to utilize wetlands for cultivation as they provide higher 
yields compared to drylands. The rooting system depended on soil moisture content 
available in the root zone such that maize crops in the wetland had shorter taproots and 
longer lateral roots compared to those in the dryland. A wetland system can support a 
wider range of crops owing to higher soil moisture content available in the root zone 
compared to the dryland system. However, the key to successful wetland cultivation is 
based on the ability to adapt to, and manage, varying moisture conditions whereas for the 
dryland there is need to conserve the moisture. There is need to practice intercropping in 
both systems, plant drought tolerant crops in the dryland and those that are tolerant to 
waterlogged conditions in the wetland. 
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CHAPTER 1 
 
1.0 INTRODUCTION 
 
1.1 BACKGROUND 
 
Under the Ramsar Convention (1971) wetlands are defined as ‘areas of marsh, fen, 
peatland or water, whether natural or artificial, permanent or temporary, with water that is 
static or flowing, fresh, brackish or salt, including areas of marine water the depth of 
which at low tide does not exceed six meters`. This definition, while emphasizing types 
and features of landscapes, is considered by Dugan (1990) to have a wide applicability 
for wetland analysis. They are also thought of as being lands transitional between 
terrestrial and aquatic systems where the water table is usually at or near the surface or 
the land is covered by shallow water (Scuder, 1989). 
 
Wetlands have been cultivated since 300 AD because of their reliable water supply 
(Kotze et al 2004).The practice has been developed by different people in different 
countries. A cultivable wetland area is considered prime land, and a desired opportunity 
that every rural family would want to have for the purpose of food production. 
Traditionally the wettest areas were used to grow cocoyam, wheat, rice, and oats, with 
maize on the ridges created between wet hollows. Other principle crops grown across the 
globe on wetlands include tomatoes, rape, leafy crops, onions, tsenza (cleus esculentus), 
pumpkins, beans, carrots, madhumbe (colocacia), cucumber, squash, lettuce, and peas 
(Scoones and Cousins, 1991). They further established that these crops make a significant 
contribution towards household food security and are often important in raising 
household income through marketing of excess produce. Other uses of wetlands 
developed by traditional communities include: water source for domestic use and 
livestock, grazing, gathering of wild fruits and medicines or a combination of these. 
Wetlands normally recharge during the rainy season and discharge during the dry season 
(Forpah, 2003). 
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The introduction of the ox-drawn ploughs in Africa in the 1920s enabled the ploughing of 
large areas of wetlands, while the growth of urban centres and mines created demand for 
vegetables and green mealies (Whitlow, 1990). The African cultivators responded by 
increasing wetland cropping. Wetland cultivation requires fine–tuned management of 
waterflow, slopes, field surfaces, soil fertility, space, micro environments and temporal 
variation. The key to successful wetland cultivation is the ability to adapt to, and manage, 
the varying soil moisture conditions. Studies by Whitlow (1990) show that, “during the 
rainy season farmers construct raised beds and trenches to drain excess water. The 
magnitude of the raised beds varies according to their position in relation to the seepage 
zone”. The cropping is well timed to benefit most from moisture content of the soil. Dry 
season use is mainly for cultivation concentrated in the wetter areas. 
 
Strategies to exploit wetland environment are also still to be set because limited data is 
available, though several management techniques have been established across Africa.  
There is still, however, an extensive lack of understanding and appreciation of wetland 
values, functions and products in terms of cultivation by planners and decision makers. 
According to Carney (1998), there is a potential for considerable expansion of wetland 
cultivation in Africa which will probably require a clarification of the policy situation and 
removal of restrictive legislation. 
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1.2 JUSTIFICATION 
 
Roggeri (1995) suggested that throughout southern and eastern Africa wetland resources 
are crucial to the livelihoods of millions of people. It was further noted that their greatest 
asset in terms of crop production is their ability to act as water stores within the 
catchment for long periods and sometimes throughout dry years and droughts. Although 
studies have attempted to measure the overall value of wetlands to rural communities, 
Schuyt and Brander (2004), have it that limited research work has been conducted on 
their response to cultivation. 
 
Matebeleland South has a rapidly growing population and a degrading land base. Most 
people in Matopo District live on subsistence farming which produces low yields from 
which their income is derived. This renders the majority to leave on or below the poverty 
datum line currently set at $ 2.1 million for a family of six (Kadzura, 2005). Against the 
above information, there is need to establish information and measures to intensify crop 
productivity on Intunjambili wetland.  
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1.3 OBJECTIVES 
 
1.3.1 Main Objective 
 
 To investigate crop productivity on wetland versus dryland farming systems. 
 
1.3.2 Specific Objectives 
 
(i)   To determine soil moisture content on wetland and dryland maize fields. 
 
(ii)   To determine maize yields from wetland and dryland fields. 
 
(iii)  To investigate soil and water management methods practiced on the wetland and                          
        dryland for crop production. 
 
1.4 HYPOTHESIS 
 
Maize yield in a wetland farming system is higher than that in a dryland farming system. 
(H1). 
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CHAPTER 2 
 
2.0 LITERATURE REVIEW 
 
2.1 BACKGROUND  
 
2.1.1 Cultivation History 
 
On white commercial farms, wetlands were used for the production of wheat, rice, oats 
and maize. In the period between the 1920s and 1940s wetlands were very much in bad 
shape due to intensive cultivation and drainage and this destroyed many vital wetlands 
functions. This was the situation in both commercial farms and reserves (now communal 
lands) (Dambo Research Unit, 1987). 
 
Although legislation was passed to address the problems of degradation, its enforcement 
presented problems. People were not cooperating with the enforcement of the legislation. 
Wetland degradation continued despite conservation efforts in the form of pastures, 
furrows and fencing of sponges. This degradation was compounded by the limitation of 
arable land, lowering of water table, population pressure and poor conservation practices 
resulting in siltation of rivers in the 1940s (Dambo Research Unit, 1987). 
 
Peasant farmers were allowed to flout legislation by freedom fighters due to the advent of 
War of Liberation. Wetlands were then cultivated in an unorderly manner, causing a lot 
of degradation. This was further compounded in that, rural populations had increased 
over the last 50 years and thus traditional shifting cultivation had made way for static 
food gardens which did not allow wetlands to recover. After 1980, wetland cultivation on 
commercial farms had stopped and they were now used mainly for grazing. With the 
increasing desire to improve the welfare of the rural poor, horticultural production has 
been encouraged although legislation has not changed. Of the 240,000 hectares of 
wetlands found in Zimbabwe’s communal lands, some 80,000 hectares are estimated to 
be cultivable (Whitlow, 1990). 
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 In Seke, Mutangadura a thriving wetland vegetable garden won the 1993 Provincial 
Conservation Competition. Last year the Rusike Brothers integrated project on a Wedza 
wetland was selected as one of the good examples that demonstrate effective wetland 
cultivation and protection (IUCN, 2004). Cultivation activities at the wetland fields 
include tree and vegetable nursery, gardening and orchards.  
 
2.1.2 Legislation in Zimbabwe 
 
In 1927 the Water Act which forbade wetland cultivation in order to preserve 
downstream dry season river flows was passed. The Natural Resources Board in 1952 
also passed legislation that stipulated that no cultivation was to take place within 30 
meters from a stream or river banks to prevent siltation.  
 
Recently there has been a legislation which protects wetlands from human 
mismanagement in Zimbabwe. The Environmental Management Act of 2003 Chapter 
20:27, Section 113, Subsection 2 prohibits people from cultivating wetlands. Those 
people who want to cultivate on wetlands need to first seek permission from the 
Department of Natural Resources. 
 
Despite the above legislation, farmers have developed a variety of land utilization 
systems according to their needs. These  include  cultivation  of  cereal  crops  and  root  
crops  in  the   wet  season  and  vegetables  in  the  dry  season. However, this  strategy  
has  faltered  since  it  has  allowed  degradation  to  progress  unchecked. The other issue 
is that, farmers can not get advice on cultivation of wetlands from the government’s 
advisory services and without advice their crops will tend to under perform their 
potential, and soil erosion may occur (Mharapara and Shiel, 1997).  
 
Environmental Management Act of 2003 defines a wetland as: an area of marsh, fen, 
peatland or water, whether natural or artificial, permanent or temporary, with water that is 
static or flowing, fresh, brackish or salt, and includes riparian land adjacent to the 
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wetland. Wetlands are and remain fragile ecosystems that according to Karimanzira 
(2004) should be subject to sustainable utilization for the benefit of mankind in a way 
compatible with the maintenance of natural properties of the ecosystem.  
 
2.2 WETLAND CULTIVATION MANAGEMENT SYSTEMS 
 
2.2.1 Wetland Water Management 
 
2.2.1.1 Drainage and Soil Moisture 
 
Farmers rely on residual soil moisture, while others resorted to simple irrigation 
techniques such as using watering cans for irrigation. Bell et al (1987) established that to 
manage water flow and moisture content, farmers constructed drainage lines or ditches 
and water storage was enhanced through the construction of ponds. This also enhanced 
proper root development, aeration, reduced siltation and increased water harvesting. To 
manage slope and field surfaces, bunds were constructed along the contour to conserve 
the soil, while field ridges acted to divert surface flow or decreased water logging effects 
in wetter areas (Scoones, 1992). However, the principle danger of such drainages is the 
risk of development of a gully down the centre, with the result that the water table is 
lowered and the wetland dries out. 
 
Drainage also increases the danger of erosion by concentrating water flow and thus 
increasing the erosive power of the water. Hough (1986) concluded that the overall effect 
of draining wetlands on dry season base flow was unclear since, although drainage and 
channel development of the wetland lowered the water table and allowed vegetation 
establishment, it also reduced dry season evapotranspiration. 
 
2.2.1.2 Ngwarati Cultivation System 
 
Wetlands can be cultivated using the Ngwarati cultivation system which consists of 3 m 
wide contour ridge separated by 3 m wide flat bottomed furrows with a height difference 
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of 50 cm between ridge and furrow (Mharapara, 1995). Upland crops are cultivated on 
ridges whilst rice and other crops tolerant to waterlogged conditions are grown on 
furrows. It was further concluded that the Ngwarati system ensured high crop yields, 
control erosion, raises water table in wetland, traps nutrients and removes debris from the 
water that passes through the system into drainage system (reduce siltation of drainage 
system). Mharapara (1995) concluded that the system is typical of much of the highveld 
of Zimbabwe. 
 
2.2.2 Wetland Soil Management 
 
2.2.2.1 Upslope Cultivation 
 
Upslope cultivation usually replaces natural vegetation, the overall effect generally being 
reduced infiltration, increased runoff and erosion (Whitlow, 1990). Intensive farming 
results in severe erosion, propelled by poor farming practices. It is responsible for the 
occurrence of soils with deep organic rich topsoil below cultivated fields and this 
increases surface flows to bottomland areas. Depending on the type of soil removed, this 
may act to increase or decrease the soil fertility of bottomland areas. Reductions in 
flooded area and lowering of water tables in floodplain crop production resulted in 
lowering of crop yields (Matiza, 1994). 
 
2.2.2.2 Cultivation and Soil Erosion 
 
The soil is disturbed when crops are planted, and crops do not bind or cover the soils as 
well as the vegetation. Thus, erosion is controlled less effectively, which maybe a serious 
problem in areas with high erosion hazards. The soils are essentially heavily leached and 
poor in nutrient although their high organic matter content improve their physical 
structure, fertility and water holding capacity. Good cultivation husbandry with 
ploughing across slope and many physical barriers which act to increase surface 
roughness (compared to grazing) can all reduce erosion hazard (Roberts and Lambert, 
1990). 
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According to Scoones (1992), in the central wetland area, heavier soil with high nutrient 
and organic matter content exists. These soils retain water and provide the best sites for 
dry season and drought cropping. Dry season cultivation, where it increases ground cover 
above that of heavily grazed wetlands, will reduce surface runoff. High density maize 
strands are planted; these may provide a double crop in good seasons. Thus limited 
fertility inputs are required in these areas. Increase further away from the central part, the 
drier, sandier soils have a lower nutrient content. These are suited to groundnut, sorghum 
and millet planting. Additions of manure, termite soil and inorganic fertilizer are 
concentrated around this place which is further away from the central part. 
 
2.2.3 Maize Yield Assessment 
 
Research work by Mharapara (1999) has shown that maize yields averaged 5.35 t/ha and 
in contrast to the typical subsistence yield of less than 1 t/ha and a measured yield in 
1997-1998 wet season of 0.46 t/ha. Thus wetland cultivation has resulted in subsistence 
farmers obtaining yields of maize as good as those of commercial farms, and ten times 
those on subsistence drylands. Anon (1982) recommended plant populations of 36000-
40000 for maximum maize productivity for marginal rainfall areas. Mkwanda (1997) 
noted that crops such as maize evapotranspires at a lower rate than normal wetland plants 
and so might be considered as a means of conserving groundwater in wetland cultivation. 
 
2.3 MEASUREMENT OF VARIABLES  
 
2.3.1 Soil Moisture Content 
The moisture content of a sample of soil is defined as the amount of water lost when soil 
is dried at 105 degrees celsius, expressed either as the weight of water per unit weight of 
dry soil or as the volume of water per unit volume of bulk soil (Gardner, 1986). 
 
Determination of soil water content may be accomplished by direct and indirect methods. 
The most common direct method is gravimetric determination, this involves weighing a 
wet soil sample, removing the water by oven drying for 24 hours and re-weighing 
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the sample to determine the amount of water removed. The method is useful in 
calibration of other indirect methods; however it has the disadvantage that it is 
destructive. 
 
Indirect methods of moisture determination rely on measuring certain physical and 
physical-chemical properties of soil which vary with soil water content. The common 
indirect methods are the electrical conductivity and capacitance, neutron thermalisation, 
gamma ray or neutron attenuation methods. The need for indirect methods for obtaining 
water content is evident when the time and labour involved in gravimetric sampling are 
considered. Many of the indirect method permit frequent or continuous measurements in 
the same place and, after equipment is installed, with only small expenditure of time. 
Thus, if suitable calibration curve is available, changes in water content with time can be 
approximated (Gardner, 1986). 
 
2.3.2 Yield  
 
There are subjective and objective methods of estimating crop yield. Subjective methods 
can be eye estimates of points considered to be representative or when enquiries from the 
farmers are used. One objective method is to select a random sample of the field of the 
crop under investigation. The crop is harvested, threshed, dried and the produce weighed 
and the yield is estimated by dividing the production by the net area of the sample fields. 
Such a method eliminates most of the random errors and biases involved in the selection 
of sample plot within the field, its size and border effects. Arnon in 1972 formulated an 
equation for estimating crop yield as given below: 
Y = ABCD 
 
Where Y = yield / unit area (kg / ha) 
 A = number of plants /unit area (plant / ha) 
 B = number of fertile tillers / plant 
 C = number of grains / ear 
D = weight of individual grain (kg). 
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Another objective method for row crops is to select n plants in a given field. Determine 
their moisture content at harvesting, thresh and weigh the crop to find total mass of the 
grains. To standardise moisture content to 12.5 % the following equation is used: 
 
  X = Total mass ( 100 – 12.5 ) 
                                                   ( 100 – Mc ) 
 
Where X   = mass after standardization (kg) 
          Mc  = moisture content of maize at harvesting ( % ). 
 
X is then divided by n plants to get the mass / plant. This is then multiplied by the plant 
population (plants / hectare) to get the overall yield in mass / hectare (Panse, 1986). 
 
2.3.3 Sampling    
 
Information can be collected by means of a survey. When a survey covers less than 100% 
of the population, it is known as a sample survey. If the sample is representative of the 
population, a sample survey can give an indication of the population characteristics being 
studied. Care must be taken in defining the sampling unit, that is, items to be sampled. 
There is also need to eliminate bias in selection and defining the sampling frame. Once a 
sampling frame has been established one can then choose a method of sampling which is 
random or non-random (Crawshaw, 1984)  
 
2.3.3.1 Probability Sampling 
 
Each place in the study population could be represented by a numbered piece of paper in 
a hat. The desired number of pieces of paper, corresponding to the sample size could be 
drawn from the hat to identify the sample numbers. In simple random sampling a sample 
of size n is chosen from a population in such a way that every possible candidate has 
some chance of being chosen. The sample is selected by drawing up a list of all the places 
in the study population, and then selecting the units randomly. It is a representative 
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sample and hence, representative of parameters being estimated and validity of inference. 
However it is more difficult to apply than systematic sampling. 
 
 If n sampling units are selected from the sampling frame at regular intervals, with the 
first place being selected randomly it is systematic random sampling. In this technique, 
samples spread uniformly and hence avoid over representation of one group in the sample 
(Panse, 1986). In stratified sampling, prior to selection, the sampling frame is divided 
into strata based on factors likely to influence the level of characteristics being measured. 
A simple or systematic random sample is then selected from each stratum. There are 
however less validity in the combined strata final estimates of the parameter of interest. 
In cluster sampling, the initial sampling unit is larger than the unit of concern. The 
clusters (sampling units) can be selected by systematic, stratified or simple random 
methods; all the individuals within the sampling units are tested (Cochran and Cox, 
1987).In general cluster sampling is less costly than other sampling methods. 
 
2.3.4 Bulk Density 
 
2.3.4.1 Clod Method 
 
Clods greater than 40 mm in diameter are selected for bulk density determination. A thin  
strand of cotton is tied around the clod so that it may be suspended in air, wax or water.  
The clod is weighed and determined. A beaker with sufficient water to immerse the clod 
is placed onto a pan balance and its weight tared. The clod is then immersed in water but 
should not touch the bottom of beaker. It is then placed into a pre-weighed tray and then 
in an oven at 105 degrees celcius. Bulk density is found by dividing oven dry weight by 
total volume of soil (Blake and Hartge, 1986). 
 
2.3.4.2 Soil Core Method 
 
Cores made of metal rings are used to obtain undisturbed soil samples from the field. If 
the total density (weight of soil solids plus water divided by total volume of soil) of the 
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soil is required the soil is immeadiately weighed in the field or in the laboratory. Soil is 
transferred into a tray and oven dried at 105 degrees celcius for 24 hours and then 
weighed. Volume of the core is obtained by measuring and multiplying the internal 
diameter by the height of the core. Bulk density is found by dividing oven dry weight by 
total volume of soil. 
 
2.3.5 Rainfall Measurement 
 
Depth of rainfall in millimeters is measured as the distribution of rainfall per unit time of 
a day, month or year. The most commonly used measuring instruments according to Das 
(2000) are the standard rain gauge (non-recording), recording rain gauge (accumulated 
over a day) and storage rain gauge (read at weekly or monthly intervals). In natural 
region IV rainfall received is in the range 450-650 mm annually. These figures may 
suggest adequate rainfall levels for maize production, but these totals include ineffective 
rainfall, rainfall received outside the growing season and subsequently lost through 
evaporation and runoff loses. The totals also do not reflect the high frequency of dry 
spells and the shortness of the seasons which are common in the natural regions. Anon 
(1982) showed that for the hotter areas the lower the amount of rainfall received, the 
higher the potential evapotranspiration since the amount of water required by a crop in 
the hotter and drier area is greater than in the cooler and moist areas. He further 
concludes that water requirements of maize are 400-600 mm of water from planting to 
maturity.  
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CHAPTER 3 
 
3.0 METHODOLOGY 
 
3.1 SITE DESCRIPTION 
 
The research was carried out on Intunjambili wetland located 43 km from Bulawayo 
along old Gwanda road. It was carried out between January and March 2005. The area is 
in agro-ecological region four, receiving on average 570 mm rainfall annually and an 
average temperature of 29 degrees celcius (Anon, 1982). It is located at an altitude of 
1350 m above sea level. 
 
The soils on Intunjambili wetland are black clay soils with high organic matter at the top 
layer, the second layer being clay soil and the third layer is sand soil. It is bordered by 
rock outcrops and is 30 hectares in area. There are different land use activities on the 
wetland to include pastures, crop production, gum trees, virgin land and orchards. 
 
3.2 METHODOLOGY FOR WETLAND-DRYLAND COMPARISON 
 
Field selection 
 
1. Farmers were involved in the day to day management of the crops from planting 
through to harvesting. Those who participated in the research used Pannar 413 maize 
variety. They applied basal dressing fertiliser at a rate of one teaspoon per plant and half 
a teaspoon per plant top dressing fertiliser. The maize crops were planted mid December 
2004. 
 
2. Eight farmers participated in the research, four from dryland and the other four from 
the wetland cultivation systems. They all used the conventional cultivation method of 
ploughing across slope without any ridges. 
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3. Each of the two systems of cultivation was divided into two levels (upper and lower 
levels) based on slope.  Two farmers on the upper level and the other two on the lower 
level as shown below: 
 
Figure 3.1: Wetland-dryland layout 
 
Wetland layout    Dryland layout 
  
   
 
 
 
 
 
     
 
4. Each farmers field was subdivided into three subplots (upper, middle and lower 
subplots) based on slope.  
 
Collection of soil samples and moisture determination 
 
5. Two soil samples were collected from each subplot at the same depth of 5 cm using 
stratified random sampling.This was done at a distance of two metres into the field to 
avoid edge effects using a 251.3 cm3 soil core. The core was driven into the soil using a 
hammer and then carefully taken out scrapping excess soil to level. Samples were 
collected four days a week for nine weeks on each farmer’s field for both systems. 
 
6. Moisture content of the soil samples was determined using the gravimetric method: 
 
Өg = ( Mws – Mds ) * 100 
       Mds 
Upper part 
Lower part 
No cultivation taking 
place (too 
waterlogged) 
Upper part Lower part 
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Where:   Өg   = gravimetric moisture content (%) 
   Mws = mass of wet soil (g) 
   Mds  = mass of dry soil (g) 
 
 This was done after weighing a wet soil sample, removing the water by oven drying for 
24 hours at 105 degrees celcius and reweighing the sample to determine the amount of 
water removed. The gravimetric moisture content was then converted to volumetric 
moisture content using the relationship below: 
 
Өv = Өg * ρb 
       ρw 
 
Where: Өv = volumetric moisture content (%) 
  Өg = gravimetric moisture content (%) 
   ρb = bulk density of soil (g / cm3) 
   ρw = density of water (g / cm3) 
       
7. The bulk density of the soil was obtained using the soil core method. 
   
  Bulk Density = ( Oven dry weight of the soil  ) 
           ( Total volume of soil) 
 
Using a soil core of 251.3 cm3, eight samples were collected from all the wetland fields 
and another set of eight from the dryland fields. The simple random sampling technique 
was used, but care was taken to avoid edge effects by taking soil samples 2 m into the 
field.  The samples were then placed in an oven for 24 hours at 105 degrees celcius and 
weighed. The oven dry weight of the soil was found by averaging the eight values so 
obtained. The bulk density was calculated using the equation above.  
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Collection of maize samples and yield determination 
 
8. Using stratified random sampling two metres into the field, two cobs were obtained 
from each of the two strata, thus totaling to four sampled plants per field. Plants at the 
field end were left out to avoid edge effect bias on the results.  
 
9. Maize cobs from different plants of each field were shelled and stored on a per field 
basis. Using the oven dry method at 105 degrees celsius for 24 hours, the initial moisture 
content of the maize from each field was obtained. 
 
10. Total mass of the grains from each field was obtained by weighing the grains from 
the four sampled plants. 
 
11. Using the standardization formular below the mass at 12.5 % moisture content of 
maize grains was obtained (M1). 
 
M1 =
 
total mass from (10) * ( 100 - Mc  ) 
                  (100 - 12.5) 
 
Where Mc = moisture content of maize at harvesting from (9)  
 
 
12. The value obtained in (11) M1 was divided by four to obtain mass per plant (kg / 
plant). 
 
13. The mass per plant obtained from (12) was multiplied by the plants per hectare 
obtained from the farmers' field to get mass per hectare (maize yield). 
 
14. The plants per hectare were obtained by randomly taking 1 m2 areas in a field and 
counting the number of plants. This was done at six points in the field from which an 
average plant population was obtained for the field. 
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15. Eight plants were dug out in the wetland fields to measure taproot depth, from which 
an average value was obtained. The same was done for the dryland fields. 
 
16. Rainfall was recorded everyday at 8 a.m. using three rain gauges. An average value 
was obtained. 
 
3.3 QUESTIONNAIRE 
 
1. Interviews were conducted using a semi- structured questionnaire, which was designed 
to gather issues on crop management. It contained questions to enable quantitative and 
qualitative analysis to be carried out. 
 
2.  Interviews were carried out on both wetland and dryland farmers. Twelve farmers 
were interviewed in the wetland due to the limitation of the number of farmers cultivating 
on the wetland. The same number was interviewed on dryland farmers. 
 
3. On dryland farmers, the questionnaire focused on: maize variety, fertiliser application 
rates and the ploughing method. A random sampling technique was used on the farmers 
because they are scattered within the dryland. 
 
4. On the wetland the questionnaire sought to establish water and soil management 
systems, environmental issues, crops grown and their uses and constraints to wetland 
cultivation. The clustered sampling technique was used because the farmers reside along 
the wetland. 
 
5. The questionnaire was answered in English language but administered in SiNdebele 
language.  
 
6.  Questionnaires for the wetland lasted for 25 minutes while those for the dryland lasted 
for 11 minutes. 
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3.4 STATISTICAL ANALYSIS 
 
 Initial data entry was done on excel for soil moisture content and maize yield. Data was 
analysed using the Genstat executable statistical package. An Analysis of Variance 
(ANOVA) was done to determine if there were any significant differences between the 
wetland-dryland soil moisture and maize yield means. From the ANOVA a P value was 
used to interpret the results, where P<0.05 meant a significant different between the 
wetland-dryland means. The Least Squares Differences (LSD) was calculated to 
determine if the means of the soil moisture and the maize yield between the wetland and 
dryland differed. From interpretation if the difference between two means was greater 
than the LSD, then there was a significant difference between the wetland-dryland maize 
yield and soil moisture means. The questionnaire was analysed manually since it was a 
semi structured questionnaire (not coded). 
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CHAPTER 4 
 
4.0 RESULTS AND DISCUSSION 
 
4.1 WETLAND-DRYLAND COMPARISON 
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Figure 4.1: Graph of soil volumetric moisture content for wetland and dryland fields. 
 
Results from this study (figure 4.1) showed that wetland soil moisture was higher than 
dryland soil moisture. The wetland maize plants had no soil moisture stress because the 
root zone was constantly wet thus yields of 3.96 t / ha were obtained compared to 0.66 t / 
ha in the dryland where there was soil moisture stress in the root zone. The dryland maize 
yield was low due to little rainfall experienced during the growth stage. Anon (1982) 
concluded that water requirements of maize crop were within the range 400-600 mm 
from planting through to maturity. However the cumulative rainfall received in the area 
of 69.8 mm (appendix 7) was inadequate and below the range, this might explain the low 
dryland maize yield.  
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Table 4.1: Wetland-dryland comparison of maize yield and root depth. 
 
Cultivation 
System 
Yield  
(t / ha) 
Taproot  
Depth (cm) 
Lateral Root  
Depth (cm) 
Wetland 3.96 20 20 
Dryland 0.66 45 4 
 
Despite the high wetland yields there was contrast in the rooting pattern between wetland 
and dryland maize crops (Table 4.1). In the wetland the maize crop had shallow taproots 
20 cm deep, because of the high soil moisture content available in the root zone.  
However, for the dryland the taproots grew deeper (45 cm) in search for moisture to 
enhance maize growth. The lateral root system was more pronounced in the wetland (20 
cm) compared to the dryland probably because of the high wetland soil moisture content 
in the root zone. 
 
Apart from soil moisture and taproot depth, soil fertility also affects crop productivity. 
However, the farmers who participated in the research all used one teaspoon per plant 
basal dressing and half a teaspoon top dressing fertilizers, as previously indicated to them 
by AREX officers in the area. This was established through the questionnaire 
administered to them. In light of this information, the fertility of the soil during the 
course of the study was assumed constant though the crop nutrient uptake rate was not 
measured. 
 
4.1.1 Constraints to cultivation 
 
Analysis of the responses through the semi- structured questionnaire yielded the 
following as constraints to wetland and dryland crop productivity.  
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Table 4.2: Proportion of constraints to cultivation as identified by farmers through              
             the questionnaire. 
 
CONSTRAINT YES NO 
High input cost 100 0 
Low fertility of soil 75 25 
Cropping is labour intensive 67 33 
Theft of crops 8 92 
Destruction of crops by livestock 25 75 
Soil erosion 83 17 
Inadequate extension services 58 42 
Poor market arrangements 92 8 
 
Farmers have attributed the increasing soil erosion in the both systems to continuous 
cultivation. However, for the wetland ploughing activities taking place on the upland also 
contribute to soil erosion. This reinforces the fact by Whitlow (1990) that, upslope 
cultivation usually replaces natural vegetation, the overall effect generally being reduced 
infiltration, increased runoff and erosion. Apart from this, there was declining soil 
fertility in both the wetland and dryland fields.  This was due to due to leaching of 
nutrients by the high soil moisture present in the wetland soils and excessive cultivation 
of dryland fields. Farmers believed this was best solved by increased use of fertilizers. 
However, the fertility uptake rate has to be determined before conclusions can be drawn. 
 
The data also indicates that, high input cost was a general constraint among all farmers. 
However, there was low cash return from selling crops from the wetland due to poor 
market arrangement. Farmers complained that traders were (i) very selective of the crops 
produced, (ii) very irregular in their visits, and (iii) offered very low prices. This however 
is a constraint mainly to commercial crops grown on the wetland which are shown in 
table 4.3 
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Table 4.3: Percentage use of wetland crops. 
 
USE  
CROP HOUSEHOLD 
CONSUMPTION 
SOLD 
Maize 75 25 
Vegetables 8 92 
Tomatoes 17 83 
Sweet Potatoes 25 75 
Beans 67 33 
Peas 75 25 
 
These crops were grown owing to the high soil moisture content available in wetland 
soils compared to dryland soils. The crops were grown mainly for selling, for example 92 
% of vegetables grown were sold. This implies that there is high income for people in the 
wetland and improved livelihoods compared to those in the dryland were these crops are 
not grown. 
 
4.1.2 Environmental Issues Associated with Cultivation 
 
In the study, a number of environmental issues associated with cultivation were 
identified, to include soil erosion acknowledged by 83 % of the farmers interviewed as a 
problem. It was attributed to poor farming practices, livestock trampling and grazing. 
This was evidenced by formation of rills within the wetland and dryland farming systems. 
However there was more rapid drying of wetland soils compared to the past. This was 
due to clearing of vegetation in the wetland, for farming and fuel. Forpah (2003) 
established that, wetlands normally recharge during the rainy season and discharge during 
the dry season. It is further noted that there should be a balance between discharging and 
recharging for the wetland to maintain its wetness. However this was not the case in 
Intunjambili as farmers indicated that in the last four seasons rainfall had been decreasing 
whilst dry season cultivation continued. Thus, there might have been low recharge in the 
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wet season and high discharge in the dry season with the recharge rate having been more 
than offset by the discharge rate, thus there was rapid drying of the wetland. 
 
4.1.3 Soil and Water Management Methods 
 
Ploughing across the slope was a soil and water management method practiced on both 
the wetland and dryland farming systems. Farmers have adopted this method in order to 
conserve soil moisture and to increase surface roughness thereby reducing the soil 
erosion hazard. However on the wetland, vegetables, tomatoes, peas and beans are grown 
on the broad ridge, narrow furrow method of the following dimensions: 40 cm high, 3.5 
m wide ridge and 20 cm wide trenches. This was done primarily to promote drainage 
(divert surface flow and decrease water logging effects) which facilitates optimum crop 
production through enhanced proper root development and aeration on the wetland soils. 
Mharapara (1999) concluded that the broad ridge, broad furrow method was aimed at 
controlling soil erosion and reducing siltation. The might have been the case on the broad 
ridge narrow furrow system in Intunjambili wetland were flow velocity was retarded in 
the furrow because of the increase in distance through which water had to flow. This 
assisted in reducing the erosive power of water thereby minimising soil erosion. The 
method also acted to divert surface flow thus decreasing the water logging effects on 
crops in wetter areas as Scoones (1992) concluded. 
 
The broad ridge, narrow furrow method was designed to cater for the ease of use of 
watering cans for irrigating across the beds when soil moisture was low. The same bed 
sizes were used for different crops mainly to enhance irrigation. Water used for irrigation 
was obtained from ponds which were constructed within the fields. In the furrow there 
were no crops planted since the traditional crop (rice) for waterlogged conditions has 
been attacked by rats and birds in the wetland area.  
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4.2 STATISTICAL ANALYSIS 
 
Table 4.4: Data from one-way ANOVA 
 
Volumetric moisture content Maize yield data  
Transformed data Original data  
Wetland (mean) 1.11 15.13 3.96 
Dryland (mean) 0.43 2.82 0.66 
Difference between 
means 
0.63 
 
3.3 
P value <0.001  <0.001 
LSD ( 0.5 ) 0.0686  0.2546 
 
Data in table 4.4 above was compiled from one-way ANOVA run on Genstat statistical 
package. Two tests were run on the volumetric moisture content data. One for original 
data and the other for transformed data set (so that it followed a normal distribution) 
using the log (original data + 1) transformation. From the table above there was a 
significant difference between wetland and dryland soil moisture since the P value at 5 % 
level of significance was less than 0.05. The LSD values was less than the difference 
between the mean values for transformed data set, this also seeks to reinforce the 
significant difference between wetland and dryland soil moisture content. 
 
A one-way ANOVA was run on yield data. Evidence from table 5 shows that there was 
statistical difference between wetland and dryland maize yield since the P value at 5 % 
level of significance was less than 0.05. The LSD value was less than the difference 
between the mean values further reinforcing the significant difference between wetland 
and dryland maize yields. 
 
In light of the above information, the hypothesis that, maize yields in a wetland farming 
system is higher than that in a dryland farming system can be accepted. 
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CHAPTER 5 
 
5.0 CONCLUSIONS AND RECOMMENDATIONS 
 
5.1 CONCLUSIONS 
 
Findings from the study carried out answered the hypothesis and the objectives. Maize 
yield in a wetland farming system was higher than that in a dryland farming system. The 
rooting system depended on soil moisture content available in the root zone such that 
maize crops in the wetland had shorter taproots and longer lateral roots compared to those 
in the dryland. A wetland system can support a wider range of crops owing to higher soil 
moisture content available in the root zone compared to the dryland system. The key to 
successful wetland cultivation is based on the ability to adapt to, and manage, varying 
moisture conditions whereas for the dryland there is need to conserve the moisture. 
 
5.2 EVALUATION OF THE METHOD 
 
Most farmers during the questionnaire approach were not willing to cooperate to some 
extend. Another shortfall was that the fertilizer uptake rate by plants was not assessed but 
assumed constant. Although this particular research project was not explicitly intended to 
lead to action, it is hoped that the research findings can be used in development of 
follow-up interventions. 
 
5.3 RECOMMENDATIONS 
 
The following are recommendations: 
 
 There is  need to plant crops which are tolerant to water logged conditions and 
thereby minimise the need to drain the wetland, for example madhumbe 
(colocacia). 
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  Planting drought tolerant crops such as sorghum would be an option for dryland 
farmers. 
 
 Practicing intercropping is another option on both systems in order to retain 
water, reduce soil loss thereby increasing crop productivity, for example maize 
intercropped with peas. 
 
 There is need to plant crops in the furrow because they reduce the speed of water 
flow through the wetland and add organic matter to the wetland. 
 
 
5.4 FUTURE RESEARCH NEEDS 
 
Against the background provided by the research project, there is need for further studies 
on how the wetland can be cultivated sustainably and how to avoid altering wetland 
hydrology, reduce erosion, and keep the wetland soil nutrient rich. Evaluations of 
innovative technologies to improve agricultural productivity within wetlands are needed 
and also an assessment of the possible impact of climate change on wetland crop 
productivity. 
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Appendix 1: ANOVA for original average soil moisture content value 
 
 
 
Analysis of variance 
Variate: avg  
Source of variation     d.f.       s.s.             m.s.            v.r.         F pr. 
wdland                         1      10904.69      10904.69    174.88   <.001 
Residual                      286   17833.95      62.36 
Total                           287    28738.64 
  
 
 
 
Tables of means  
Grand mean  8.98 
 wdland    1             2 
15.13      2.82 
 
 
 
 
Standard errors of differences of means  
Table               wdland 
rep.                   144 
d.f.                    286 
s.e.d.                 0.931 
 
 
 
 
Least significant differences of means (5% level)  
rep.                  144 
d.f.                   286 
l.s.d.                 1.832 
  
 
 
 
Stratum standard errors and coefficients of variation  
d.f.          s.e.         cv% 
286         7.897      88.0 
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Appendix 2: ANOVA for transformed average soil moisture content values. 
 
 
 
Analysis of variance 
Variate: log_avg_1  
Source of variation     d.f.       s.s.             m.s.          v.r.        F pr. 
wdland                        1          28.61525   28.61525  327.54   <.001 
Residual                      286      24.98601   0.08736 
Total                           287       53.60126 
  
 
 
 
Tables of means   
Grand mean            0.793 
wdland                    1                    2 
1.109 0.478 
1.110  
 
 
 
 
Standard errors of differences of means  
Table               wdland 
rep.                   144 
d.f.                    286 
s.e.d.                 0.0348 
 
 
 
 
Least significant differences of means (5% level)  
rep.                   144 
d.f.                   286 
l.s.d.                 0.0686 
 
 
 
 
Stratum standard errors and coefficients of variation  
d.f.         s.e.         cv% 
286        0.2956    37.3 
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Appendix 3: ANOVA for yield values. 
 
 
 
Analysis of variance   
Variate: YIELD_t_ha 
Source of variation     d.f.       s.s.           m.s.            v.r.          F pr. 
wdland                       1          21.74701   21.74701   1004.67   <.001 
Residual                     6          0.12987     0.02165 
Total                           7           21.87689 
 
 
 
Tables of means  
Variate: YIELD_t_ha  
Grand mean           2.309 
wdland                   1                     2 
3.957 0.660 
3.958  
 
 
 
Standard errors of means  
rep.                     4 
d.f.                      6 
e.s.e.                   0.0736 
  
 
 
Standard errors of differences of means  
rep.                     4 
d.f.                      6 
s.e.d.                   0.1040 
 
 
 
Least significant differences of means (5% level)  
rep.                    4 
d.f.                     6 
l.s.d.                   0.2546 
  
Stratum standard errors and coefficients of variation   
d.f.     s.e.         cv% 
6        0.1471    6.4 
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Appendix 4: Wetland and dryland questionnaires. 
 
 
WETLAND QUESTIONNAIRE 
 
Name of interviewee: …………………………………………………………………….. 
 
Name of interviewer: …………………………………………………………………….. 
 
Date of interview     : ……………………………………………………………………... 
 
 
1.0 CULTIVATION AND CLIMATE 
 
  
1.1 When did you start cultivating the wetland? 
 
Period/Year: ………………………………………………………………………………. 
 
1.2 Have there been changes in yield over the years? 
 
Yes    No 
 
If yes, what changes:……………………………………………………………………… 
………………………………………………………………………………………………
……………………………………………………………………………………………… 
 
1.3 Have there been notable climatic changes in the last four years? 
 
Yes    No 
 
If climate has changed, explain: ………………………………………………………… 
………………………………………………………………………………………………
………………………………………………………………………………………………  
 
1.4 Do you know of any rules and regulations on wetland cultivation in Zimbabwe? 
 
Yes    No 
 
If yes, explain: ……………………………………………………………………………... 
………………………………………………………………………………………………
……………………………………………………………………………………………… 
 
1.5 What method do you use to cultivate the land. (Hand, Animal or Tractor). 
………………………………………………………………………………………………
……………………………………………………………………………………………… 
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1.6 How many times do you practice maize cultivation in a year? 
 
 
Once     Twice    Thrice 
 
If twice or more give the planting dates: ………………………………………………….. 
 
1.7 What crops are normally grown on the wetland? 
 
Names:……………………………………………………………………………………..
………………………………………………………………………………………………
……………………………………………………………………………………………… 
 
1.8 What maize variety do you grow? 
Variety................................................................................................................................... 
 
1.9 What is the duration maize variety that is grown and at what spacing? 
 
Time:  60 Days   90 Days   120 Days 
 
In row spacing: …………………………………………………………………………… 
 
Inter row spacing: …………………………………………………………………………. 
 
1.10 What method is used for weeding and why? 
………………………………………………………………………………………………
……………………………………………………………………………………………… 
 
2.0 SOIL FERTILITY AND WATER MANAGEMENT 
 
2.1 What quantities of basal and top dressing fertilizers do you use in your field? 
 
Basal dressing: ………………………………….................................................................. 
 
Top dressing: ………………………………………………………………………………. 
 
NB Measure Field area 
Area ………………………………………………………………………………….......... 
 
2.2 Do you plough across or upslope? 
 
Upslope    Across 
 
Why: 
………………………………………………………………………………………............
................................................................................................................................................ 
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2.3 What benefits do you get from wetland cultivation? 
 
Answer: 
................................................................................................................................................
................................................................................................................................................ 
 
2.4 Any noticeable changes in wetland moisture regime over the last four years. 
 
Yes      No 
 
If yes, what changes: 
................................................................................................................................................
................................................................................................................................................ 
 
Take note of any soil erosion features forming in the area.  
 
3.0 CONSTRAINTS 
 
3.1  (i) High input costs    Yes    No 
 
    (ii) Low fertility of soil   Yes    No 
 
    (iii) Cropping is labour intensive  Yes    No 
 
    (iv) Theft of crops    Yes    No 
 
    (v) Destruction of crops by livestock  Yes    No 
 
    (vi) Soil erosion    Yes    No 
 
    (vii) Inadequate extension workers   Yes     No 
 
    (viii) Poor market arrangements   Yes    No 
 
3.2       Explain on the negative and positive effects of the constraints: 
Negative:................................................................................................................................
................................................................................................................................................ 
 
Positive:……………………………………………………………………………………
……………………………………………………………………………………………… 
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DRYLAND QUESTIONNARE 
 
Name of interviewee: …………………………………………………………………….. 
 
Name of interviewer: …………………………………………………………………….. 
 
Date of interview     : ……………………………………………………………………... 
 
1.1 What maize variety do you grow? 
Variety................................................................................................................................... 
 
1.2 What is the duration maize variety that is grown and at what spacing? 
 
Time:  60 Days   90 Days   120 Days    
 
In row spacing: …………………………………………………………………………… 
Inter row spacing: ………………………………………………………………………… 
 
1.3 Have there been notable climatic changes in the last four years? 
 
Yes      No  
 
If climate has changed, explain: ………………………………………………………… 
………………………………………………………………………………………………
……………………………………………………………………………………………… 
 
1.4 What method do you use to cultivate the land. (Hand, Animal or Motorized). 
………………………………………………………………………………………………
……………………………………………………………………………………………… 
 
1.5 What quantities of basal and top dressing do you use in your field? 
 
Basal dressing: ………………………………….................................................................. 
 
Top dressing: ………………………………………………………………………………. 
 
NB Measure Field area 
Area ………………………………………………………………………………….......... 
  
1.6 Do you plough across or upslope? 
 
Upslope      Across  
 
Why:………………………………………………………………………………………...
............................................................................................................................................... 
 
 41 
2.0 CONSTRAINTS 
 
 
2.1  (i) High input costs    Yes    No 
 
    (ii) Low fertility of soil   Yes    No 
 
    (iii) Cropping is labour intensive  Yes    No 
 
    (iv) Theft of crops    Yes    No 
 
    (v) Destruction of crops by livestock  Yes    No 
 
    (vi) Soil erosion    Yes    No 
 
    (vii) Inadequate extension workers   Yes     No 
 
    (viii) Poor market arrangements   Yes    No 
 
2.2       Explain on the negative and positive effects of the constraints: 
Negative:................................................................................................................................
................................................................................................................................................ 
 
Positive:……………………………………………………………………………………
……………………………………………………………………………………………… 
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Appendix 5: Graph for soil volumetric moisture content for the wetland. 
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Appendix 6: Graph for soil volumetric moisture content of the dryland. 
 
 
Graph of volumetric moisture conent for dryland soils
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Appendix 7: Cumulative rainfall graph 
 
 
 
Cumulative Rainfall Graph
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ABSTRACT 
 
A research on crop productivity was carried out on Intunjambili wetland system versus 
the dryand system. Volumetric soil moisture content was determined from soil samples 
collected four times a week for nine consecutive weeks from four wetland and four 
dryland farmer’s fields. Twelve farmers from each system participated in answering a 
semi-structured questionnaire administered to them. It was established from the study 
that, wetland soil moisture and maize yield were significantly different from those in the 
dryland system. This was evidenced by p values being < 0.001 at 5 % level of 
significance for the wetland-dryland soil moisture and maize yield comparison. These 
findings reveal that, there is need to utilize wetlands for cultivation as they provide higher 
yields compared to drylands. The rooting system depended on soil moisture content 
available in the root zone such that maize crops in the wetland had shorter taproots and 
longer lateral roots compared to those in the dryland. A wetland system can support a 
wider range of crops owing to higher soil moisture content available in the root zone 
compared to the dryland system. However, the key to successful wetland cultivation is 
based on the ability to adapt to, and manage, varying moisture conditions whereas for the 
dryland there is need to conserve the moisture. There is need to practice intercropping in 
both systems, plant drought tolerant crops in the dryland and those that are tolerant to 
waterlogged conditions in the wetland. 
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